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Abstract
Intensity ratios, W(OO)/W(9O°),Vhave been measured for y-rays

emitted from products of 120,122, l2h (h 156,158,160

Ar ,kn) Er reactions
recqiling into either vacuum or lead. The g factors for_levels in the

. ground bands (with spins up to 8) of the Fr nuclei are evaluated. The per-
turbation of the angular distribution due to time-dependent hyperfine_inter—
actions in highly excited, free ions was found to be strongly dependent on
the nuclear spin I and the atomic spin J. The average g factor fbr the-
'three Er-nuclel ground bands was found to be between 0.34 and 0.40 depehding
on assumed models of the I and J dependence. No large difference in g:

3

factors among the nuclei was found, although a small increase (v 20%)

between léOEr and 156Er seems indicated.

TWOrk performed under the auspices of the U. S. Atomic Energy Commission.
lOn}leave from the Physics Institute, University of Oslo, Oslo, Norway.

Orn leave from the Weizmann Institute, Rehovoth, Israel.

On leave from Osaka University, Osaka, Japan.
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1. Introduction

Hyperfine interactions, mainly in solids and liquids, have found wide-

spread use in experimental studies both of the intéractionsvthemselves and of
the magnetic and electric moments of nuclei. Among the strongest hyperfine
fields encountered to date have been the magnétic fields found in highly
excited, free atoms. Such atoms are produced in nuclear reactions when the >
bombarding energies are sufficient to let the products leave the target and
recoil into vacuum or gas. Ben Zvi gﬁ_gl,l) have recently shown the oCcurrencé
of strongly perturbed gamma-ray angular distributions following Couiomb
excitation of the first 2+ level in thin targets of even-even nuclel. By
studying recoils both into vacuum and into gas the nature of the hyperfine
fields was explored, and the.feasibility of measuring.magnetié.moments

of excited nuclear states by these methods was established. It was foﬁnd

that the time-integrated perturbation factors, Gk’ in the angular distribution

k=2n - ‘ :
W) = Z AkaPk(cos 8) | (@
k=0

followed the assumptions of a randomly oriented time-dependent magnetic hyper-
fine interactionl). These results, obtained with 160 beams up- to hOFMéV in
energy, indicatgd fields of between 20 and 30 MG. The physical picture
envisioned is that of a highly stripped and excitéd recoiling ion undérgoing
rapiq optical transitions, and with the magnetic field at the nucleus.
changing randomly in d;r;ction with a correlation time, Too short -

_(W 3'ps) compared to the nuclear lifetime. The G are given by the

k

¥
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- theory of Abragam and Poundg) as

wT ’ (3)

where P = %-k(k+l) and W =g H;E_ is the Larmor frequency with g as
the nucleér g factor. Thus the perturbation depends on the g factor, the
fiéld strength; and the two times involved. |

In the preéent work, strongly perturbed angular correlations have
been studied foilowing héavy—ion compound-nucleus reactions of the typé

120,122,12uSn(hoAr,un)156,158,160Er

(HI,xn). In the specific reactions chosen, R
the recoil velocities of the product nuclei are of the order of 2% the speed

of iight for a_bombarding energy of 150 MeV. Thus large hyperfine fields

are expected when the product nucleil recoil in vacuum.

The compound nucleus itself is initially formed in a state of high
‘excitation and high spin (40 - 50 h in these cases), and after neutron
emission spends a considerable time in the "yrast" cascade, passing down.
thfougﬁ the stétes of highest possible angular momentum;With the lowest
energies3). When members of fhe ground~state band beco;e thé»lowest—lying
levels with high épin, the decay cascade enters that band. The:succeeding

transitions in the ground band are observed as distinct gamma-ray peaks SUpPer-

imposed on a generally smooth background of the. numerous high-lying transitions.
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For bombarding ions as heavy as hOAr'almost all the independent feeding of

the ground-band is to the highest two or three states observed. In the nuclei

156

studied the spin of these highest states varies from Vv 10 in Er to v 1k in

6 ' :
L OEr. Most importantly, the feeding time before the band is entered varies

from 16 * 3 ps in the vibrator 156Er, through 11 * 3 ps for 158

160_ k4

ps in the rotor Er ).

Er, to 6 * 3

The nuclei are initially highly aligned with the beam direction, and
a pronounced angular aistribution of the decay gamma'rays is expecteds).
Although some spreading of the inifial m = 0 substate population is observed,
sufficient alignment persists to give a ratio of the 0° to 90° gamma-ray .
intensities, W(0°)/W(90°), near 1.5 in the present cases. This ratioc for an
ideal, high-spin 'm = 0 substate population is close to 1.6.

In most angular distributioﬁ experiments one tries to observe the
unﬁerturbed gamma~ray intensities from nuclei recoiling into ﬁetal bégkings,
in our cases, lead.  For the relatively long-lived stateé (well above 100 ps)
perturbations may, occur also with these targets, as will be dichssea.
Perturbations of tﬁé short-lived states, fdr instance due to kransiént
perturbations may occur also with these targets, as will be discussed
appreciable in the present measurements and we regard fhe results on short-
“lived states ffom‘leadibacked'targets as unperturbed. Deviations from
ideal alignment are then attfibuted té the spreéding of the initial population.

The aim, then,‘of the‘fr;sent experiments is to observe bothbﬁhpeyturbed

. and perturbed distributions for the gamma-ray transitions invelved in the
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decay_Qf the grouna—band statés of the threeuerbium nuclei:: These nucleil
wére'chosen becaﬁsg information 'on ground-band systematics and life times
~are available from previous studies%’6). The objective was then to.
extraét g faqtors from.the measured distributions.and thus study the

magnetic properties of excited states of the nuclei.

2. Experimental Methods
The following three sets of experiments were performed. First,

120,122,12&Sn on thick

thin fargets (1.mg[cm2) of the separated isoﬁopes
lead backings were bombarded with uOAr in order to observe the ﬁnperturbed
inteﬁsities. Secondly, thin, self-supporting targets of the same thickness
were used to measure the perturbed intensities for the reaction products
fecoiling into vacuum. Thirdly, the gamma—ray anisotropies following Coulomb

150

Vexcitation of Sm by 20Ne both on lead-backed and self—supporting taﬁgets

150

(appréx. 1 mg/cmg), were observed. As the g factor of T 8m was detérmined
by Ben Zvi g}_g&,l), this last expérimeht effectively determines
the field at higher recoil velocities.
In all cases heavy-ion beams from the Lawrence Radiation Laboratofy

HILAC accelerator were used. These were pulsed with a duty cycle of ™ 20%.
The beam energy for the (hoAr,hn) reaction was 148 MeV, and for the Coulomb
vexciﬁation, 68 MeV 2ONe ions were used; -

_ For each target studied with the (hOAr,hn) feactioﬁ, two gammaéfay
spectra were observed simultaneously, one from a Ge(Li) counter situated
~at 0° fo the beam directiqn, and one from a second Ge(Li) counter at 9éé.

The spectra were each accumulated in 2048 channels of the HILAC PDP-7

computer installation. The counter gamma-ray pulses were fed to two fast
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successive-approximation ADC's7) via the standard Berkeley high-resolution
high counting-rate amplifying system consisting of a preamplifier, linear
amplifier, pile-up rejector and linear gate. The ADC's were gated on only
during beam bursts, and derandomizers were inserted between the linear gates
and the ADC inputs to accommodate the hiéh in-beam counting rates (v 15000 c/s).
Dead time.was determined in the following manner. Two pulse generators
were set to feed eéch of the counter preamplifiers, respectively. These pulses
were‘éounfed as 'totals'. The pulses, suitably delayed, were also brought
into coincidence with the output pulses from the pile-up rejector. These
coincident pulses were counted as 'valids', and the ratio of valids to totals
gave the true -live time through the pile-up rejector. To get a sampliﬁg
depending on the instantaneous beam rate, each pulse generator was triggered
by pulses from the other counter. To avoid pulse overlap and additional
cross talk, the pulses were first scaled down by a factor of 50 or 100, and
were delayed for 50 us before triggering the opposite pulser. As thé peak'
due to the pulsers also could be made to appear in the Y-ray spectra, the
integrated pulser fi;ld in é.épectrum relative gto %he'totals‘would give the |
live.time including the effect of the derandomizer and ADC. At the coﬁﬁting
rates used, the principal dead time was due to the ﬁilé—up rejector which
horméily was set tb.reject pulses\cloéer than 12 us apafti .
.Furthef complications aﬁQ%e frgm“the faét that the two Ge(Li) éounters

were not identical, having front f@ge areas'times'drift depths of 7 cm2 X 0.9 cm

and 5.cm2

X 1.3 cm, respectively. Furthefmoré, as the overall counting-rates
at 0° and 90° to the beam differed by 50%, the counter to target distances

were;sét differently to equalize the counting rates in the two counte?é.
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These distances were approx. 4.5 cm, and the counters were covered with

- . 2 . .
LOO mg/em” silver absorbers. To obtain the true ratio of 0° to 90° yields, the-

counter efficiencies were carefully measured with a radioactive source

of lTTmLu, placed in the target position with the source deposit in the beam-

spot center. The target chamber itself was a circular aluminium cylinder of:

5 cm diameter. The beam was collimated down to a size of approx. 6 X 3.mm;1and
the térgets were mounted at L45° to the beamvdireétion. During a serieé.of'rﬁns,
the anisotropy of the high-yield Coulomb excitation in a thick foil of Ta was
measuiedvat regular intervals. Thus any change in anisotropy due to beam |

movement could be detected. Within one series of runs, the change was

negligible, but the Ta anisotropies provided a convenient normalization between

vseries taken at different times.

The more.long—lived recoils had mean travel disténces in vacuum of
uﬁ to‘8 mmh). To confine these recoils. to the chamber center, thin léad
foils were mounted 1.5 mm behind the thin targets. As the linear momentun
of thévproduct recoils are in the difection of the beam, the 0° countef_
observes strongly Doppler-shifted Y-rays from recoils decaying'in flighf.
The fecdils aétualiy being stopped in the lead fbils give rise to unshifted"
Y;rays and the ratio of shiftéd fo unshifted intensities can be'foundg:_If

we denote this ratio as R, the mean distance of decay for the recoils is

found to be 4 = —B-6, where § 1is the travel distance correspondingﬁto the

1+R

nean life of the decaying state. The counter solid angles have to be.
corrected for this distance.
” ; U 150, . o
In the case of the Coulomb excitation of Sm, the y~-rays from the

33k keV transition was observed in backscatter coincidence with the 2ONe ions.

N\
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t
Two 5 cm by 5 cm NaI(T1l) counters wéré used at 11 cm from the target, and the
backscatter particle counter had a meén angle of 160° tb the beam direction..
The coincidence events were accumulated on magnetic tape by the PDP-T multi-~
dimensional hardware as two Y-ray spectra, one particle spectrum and a time
spectrum. The coincidences were detected with a standard fast-slow system
involving.a time-to-height converter. The two counters were situated at
héo and 90° to the beam, respectively. Finally, the coincidence spectra
were obtained by sorting the accumulated events as to backscatter particle
peak and time-spectrum peak, after correcting for separately sorted random

events.

3. Results

3.1. INTENSITY RATIOS

Representative gamma-ray spectra are shown in fig. i for the

122S o) )158

n( “Ar,kn Er reaction at 90°, both on lead-backed and self—suppérting
targets. In the'latfer case the yY-ray peaks are broadened due to thefbbppler
shift. The actual y-ray yields were obtained:by analyzing the spectra with
the peak-fitting program written for the Berkeley CDC 6600 by Routti ana
Prussin8). The peak intensities were corrected for the changes in solid &

angle with recoil distance and for the relative peak efficiency of the two

counters. Also, an efficiency correction due to the increase in Y-ray energy

caused. by the Doppier shift at 0° was ngéiderea.' However, it is fQund tham'. .
. . . . . s . - ‘@

this decrease in efficiency is .almost compensated for*by the relativistic
increase due to decays in flightf““Finally, for each transition the infénsity

ratio was obtained as the ratio of peak yields at 0° and 90°, w(0°)/w(90°).
S v i
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Due>to the>différence in QOunter éize, the’relativeJefficiency as_av
_funéfion of Y;ray energy variéd strongly from afbund 130 keV on déwn. Thus,v
the inténsity ratio for the 2 > 0, 126.2 keV transifion in l6OEr wasiaifficuit
to obtain. Moréover, this long»li&ed (Tm = 1.3 ns) transition was almost
' totally‘pertﬁrbed already in the lead-backed target, presumably due fo
.ﬁagnetic interactions from hyperfineifields of Er in Pb. Thérefore aé'the
unperturbed -intensity ratio could not be established, the transition»ﬁas ;
ekcluded from further analysis. Also a slight perturbation of thé 2 % 0,

158

Er (T = 0.43 ns) was observed from lead-backed

192.7 keV transition in n

térgets, but in this case we used as the unperturbed intensity ratio the

158

value obtained from the faster transitions in Er. For the self—suﬁpofting
targets, the Doppler broadening and the quality of_thé spectra made the |
extréction of yields from peaks above approx. 500 keV less meaningful, and
perturved intensity ratios above this energy were therefére not obtaiged,

The final’intensitybratios are listed in table 1, together with the nuclear
properties of the excited states..

For the'lSO

Sm yields, the intensity ratios for the 334 keV peak in
the 45° and-90° coincidence spectra are given in table 2, both for lead-

backed and for self-supporting targets.

3.2. PERTURBATION FACTORS
The unperturbed theoretioal'angulaf distributions contain the two-

terms with k = 2 and U

CW(s)y =1 + A,QP,(cos 8) + 4,0, P) (cos 8) . | | 'f (L)
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To analyze the influence of a perturbing interaction in the present case,
where only the one ratio W(0°)/W(90°) is observed, an explicit relationship

between the two terms must be assumed. The quantities Q2 and Qh are the
.

9 . . , due to the finite solid angle of the detectors.
tabulated”) angular-distribution attenuation coefficients; The 5 and Ah
are the theoretical angular-distribution coefficients where, for the analysis v '

of the (uOAf,xn) results, wé use the formalism and tables of'Yamazakilo).

For complete alignment of the initial states the stretched cascade should

show an inténsity rétio (0°/90°) of 1.6L (with Q2 = 0.95, Qh = 0.85). The
mean unperturbed ratio for the short—iived states is observed to be 1.47 * 0.02.
We attribute this difference as duevto thevGaussian spreading of the initial

2

alignment, and assume the spreading to be represented by the coefficients u‘

and au;

w(e) =1 + AgagQng(CQS 8) +.AhauQMPh(cos'e) =1 + b2P2.+ thh; (5)

where -the relationship between 0o, and oy, is given by Yamazaki (formulas

2
(10), (11), and fig. 2, Ref. 10). For instance, the average intensity ratio

1.47 gives values of b2 = A20L2Q2 and bu = Auath of 0.28 énd -0.05,

respectively. Taking the perturbed angular distribution as

Ww(o) = 1+ G2b2P2(cos o) + Ghthh(coé 8) N (6) .

we again need a relationship between the factors with k¥ =2 and k =4 +to
extract a measure of the perturbation.. As the hyperfine interaction was

originally found to be of a simple time-dependent magnetic~-dipole characterl);

we will explicitly assume the relationship
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Gy, = 3G2/(1O-7 Gg) | o : | (7)

which is valid for this interaction. As will be discussed later, the

perturbation factors may depend on other properties of the system, and so i

the above.relationship may only be an approximation. However, as the k = L

termé are small in all cases, the errors introduced will be negligible. By’
using the pertgrbed anisotropies, the values of b2 andv bh - obtained from
the unpertu;bed’anisotrdpies, and the Gh relationship, we find the-valués:of
G given in table 1 as the final measure of the perturbation.

2
In the case of the 150

Sm distributions, the theoretical, unpertﬁrbed
value of W(45°)/W(90°) was estimated by using the Winther-de Boer multipie_
Couibmb excitétion programll). Taking the feeding from higher states into
account, this intensity ratio for the 334 keV transition was calculatéd to

be 6.8. This was close enough to the observed unperturbed value to permit

and bh together with the measured

the Qse of ﬁhe ratio of calculated b2

unperturbed and perturbed anisotropies, and the Gh relationship, to find
the .G2 value listed in table 2.

In figs. 2 and 3 the values of G2 are shown as a function of mean -

lives for the different transitions excited in the Er nuclei. These values

" (last column in table 1) are obtained by assuming that the unperturbed

intensity ratio in each reaction is the average value observed with the lead-
backed targets for the transitions with a mean life less than 0.1 ns.‘>Tb give

an impression of the quality of the data, G values obtained for each of the

2

unperturbed transitions are also included on the figures.
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4. Analysis and Discussion

4.1. THE TIME~DEPENDENT‘INTERACTION

For a magnetic dipole interaction, in the case of a simple time-
dependent, randomly fluctuating hyperfine field, the pertgrbation factor is

6, =1/(1 + 2Pt 1) . | | (8)

2 . cm » : .

In the following it will be explicitly aésumed that the g factor fbr'the
excited states within one ground band stays constant, as is expected ih a
rotational nucleus. With this approximation, to be discussed later, the

experimental G, values are fitted with the above equation. For each

2

nucleus then, one value of ngc is obtained. To extract a g factor from
these m2Tc values,‘HQTc for the Er case is computed from ngC from the

50 case using a g factor of 0.32 % 0.021) 150

for Sm. We have corrected
the Sm field 2% for the ¢hange in 2 based.on'interpolation between

measured values Iin Sm and Yb at lower velocities, and have made an additional ”
6% corrécfibn'fof.the differenee in velocity, using the best presently

12) 0.6

available relationship s, H «v . Thus, the field value for the Er case,

.pbtained %ith the same correlaﬁion fime, TC = 3 ps, as in ref. 1, is
b1+ 7 MG. e

If the simple time—depeﬂdént theory is éssﬁmed; the perturbation takes
place during the entire decay cascade, the yrast region included. inﬁphis case,
the fits shown in fig. 2 and given as case 1, table 3 are obtained. lAg ¢an be
seenvthe fits are poor‘and x2 is large.' Moreover, the average g ‘facotr

obtained, g = 0.24, is considerably smaller than the value of ng'fdﬁnd in

this mass region, g ~ 0.03. The fit is relatively sensitive to the value
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ofv.g; taking_ g as 0.3, for example, gives a X2 of 11. Thu;,.it seems
‘fhat thevassﬁmptions ofﬁa Cénstant g facﬁor or a full perturbation‘durihg.
the entire decay are not in accord with the observations.

| If on the ofher hand, it'ié assumed that the perturbatioh only takes
place in thé ground band, the fit is considerably improved (case 2, table 3,
X2 " 2, average g " O.Sh), Clearly then, a possible explanation'isvthat the
perturbation is markedly reduqed for the higher states, either due to their
magﬁétic properties or due to their high nuclear spins. For instancé, a
vaniéhingly small g factor for thé high-lying states in the-yrast region
will.ﬁerfectly well explain the data. However, it has not beenEfOund possible
to cdnstruétva sensible model for these states where the g _factéf is so |
.strohgly reduced; A more plausible explanation is that the high spin’of the

states is responsible for the reduction, and that the time-dependent theory

must be modified accordingly.

L.2. .fHE I AND J DEPENDENCE

| The perturbation from a hyperfine interaction in a free atom is due to
the precession of the nuclear spin‘ I around the total atomic spin Fw In
the free atom, I and the spin J of the électfon configuration coupié to the
resuiiant F. When I is large and J small, I is highly aligﬁed ﬁéth F:
and thévéhange in orientation of I with precession is small (the static
perturbation). Furthermore, a change in direction and magnitude éf aﬁémall

J, e{g.,due to optical transitions, will not change the direction of tF in
spacéfappreciably; Thus the influence on the orientation of I from a
changing J is also ;mall (the time—dependent perturbation). Only wﬁén J

has a magnitude comparable to or greater than I will largevperturbafions
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occur. This is in contrast to the usual case where a field establishes a
reference axis outside the atom, and no I and J dependence of the
. . . 13
interaction is expected ™).
The dependence of the interaction on I and J will introduce a
correction factor in the expression for Gk given in eq. (2). Using a simple v

time dependent model (disgussed below) we have shown that this correction

factor, K(I,J), enters the expression for Gk as follows:

Gk(I,J) = [1 + pkng . TCK(I,J)]_l . | (9)

In fact, it seems plausible that the correction will, in general, enter in.
this way, though we have not been ablé to show this. 1In ﬁhe folloWing
discuésién we will assume the form of eq. (9) for Gk(I,J)' and examine
several simpie possibilities for KX(I,J). Results of analyzing the data based
on these possibilities are summarized in table 3.

One of the simplest forms for K(I,J) . is obtained with the assumption
of no perturbation for. J <. I, i.es, K(I,J):=.0, and .the full permurbaiion
for J21I, i.e., K(I,J) = 1. 1In this case £he best fit to the data is with an
effective cutjoff_at I = 8, and the result is presented as case 3 in:table_B. ‘

Perhaps a more realiStic estimate for K(I,J) is_tb make use of calculations

for static interactions in free atoms. This case has been considered by

1 L N g o . -
Alder 3), who foundw«an:.  I.zand *J dependence of the type under discussien.
From these calculations we can estimate K(I;J) for use in the ?resént-time—
dependent case. We find that K(I,J) is mainly a function of the ratio, I/J, ~

and the actual values obtained are plotted in fig. 4, curve A. The_ﬁest fit

REE
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Fo the daté u%ingvthis durve fdr K(I;J)v is very close to;tﬁenOﬁe obtained
for éase ha,‘téble 3, and.showh in fi;.'B. |

We have alsQ set up a simple time dependent model to evaluate K(I,J).
The main assumptions are: va) a cut—off of thé hyperfine interaction above a
certain value. of I; b) a time—independent average distribution for J;-andv
c);a_fandom—walk for changing J. 'Thé detaiied results depehd largely on the
relationshipg amongvthe nuclear lifetime, the time required for a step in
the random—walk process, and an effective correlation time, which is the time.
to make a sigﬁificant change in the field direction. Under the assumption
that the effective correlatioh tiﬁe is short compared to the time required
‘to run through the entire J distribution, and that both of these are short

compéréd to the nuclear lifetime, we get:
-1/3 5
K(I,J ) = 1/2 e [(1/3)° + 2(1/3 ) + 2]
where JO is the mean value of an assumed exponential J distribution. . This
expression for K(I,J) is also plotted in fig. 4 as curve B, and the fits
- to the data for three Jo values are given as case 4 in table 3. If the
effective correlation time is comparable with the time required to run through

the J distribution, then:

—QI/JO
zivK(I,Jo) = e
The Best fit for this case 1s also given in table 3, case 5.

’  From table 3 it is clear that when X2 is reasonable, very Similar

valuesufor the g facfors are obtained. This is nearly independent of the
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actual form of K(I,J); even;theveimple cut—off gives values close to'the ones |
for the more elaborate models. In fact, e deﬁailed interpretation of the’ I
and J dependence is difficult, mainly because of lack of information on ﬁhév
de-excitation process (e.g. the J distribution) in free, highly-ionized
atoms. Howerer, the general behavior of X(I,J) is expected to be as shown

on fig. L.

4.3. THE g FACTORS

The biggest uncertainty in the ﬁeasureﬁent of g bfactors by recoil
into vacuum is the aging of the ionic populatiohvand the resuiting tiﬁe
dependence of the ionic parameters. The'experimentai evidence of'previous
work as well as the present study suggest that the importent parameter' H2Tc

does nnt change yery. much; at most some 50 percent in 3 x 10 10 . The possible

variation of H T  with time is
/nevertheless a sub%tantlal handlcap in measurements of g factors of states
with widely different mean lives. In the present measurement this
:difficulty'is avoided by averaging the ‘g factors of eech isotope over
several le&els. Oniy these averages, inVOlving'broedly overlappiné time
regioﬁs, are compared among the three isotopes.
The g  factors ebtained under the various‘assumptiors are_sumﬁarized
in.table 3.' As pointed out previeusly; the average g factor is reaebnably
. independent of the.particular model ﬁsed,'provided x2 3i$»sﬁall. We take
case la as a representative value, with. g = 0.37 % 0.03 asltﬁe arerage. The
'uncertainty:in this value, both due to the statistics'and due to the systematic
. error introduced.by not knewrng the exact . I - J dependence, makes the drawihg
of exectvconclusions difficult. However, an average g factor of 0.37 is

] 168 1k,

close to the ones observed for the heavier Er nuclei (0.33 # 0.01 in Er 7)),

0.32 % 0.01 in 166, 115y . 0.35 * 0.01 in 16hy . 16y,
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Of mbfe significaﬁce may bé the fact that the sepdréte g factors l'

: found for the fhree Er nuciei are nearly the same (within 20%). For other

nuclei in the region of neutron numbers N = 88 to 92 there are large &ariations

in the measured g factors of the 2+ states which are not uﬁderstood’at

presént. | |

no'® X o . | o
?The small differences observed in the present study may indicate an

incfgasing .gi factor with decreasing mass number, but this treﬁd‘may_not Ee

statiétically significant.

. .The data further suggest tﬂat there are no significant.differéhceé in
the g factors for the different excited states within the ground bahdé. bThis
is oné;Ofﬁthe,implicit assumptions of the analysis, hoﬁever, =Ye) thevapparent
constancy of the g factor may not be real;. Since we explicitly assﬁmé anv I
dependence.of the bertufbation, a change in g factor within a band méy be
masked by the change in hyperfine interaction with I._'On the other ﬁand,vas
statés:with the same I in the different bands have widely diffefeﬁtimean‘
lives, the change in g factor with I must be correlated with meaﬁ iif¢
to prodgce‘such aAmasking. It is'therefore_probable that the-chanée in g
factor among the.levels within the ground bands is not large; |

To conclude then, we have found evidence that a stréng»vI' and; J
dependence does occur in the hyperfine perturbation of angular distribﬁtions
-from highly excitéd ions, an effect which has not previously.been obsef#edf
It iSQétill.pOSSibievtO obtain information on g féctors from the perfurbed_
diétribﬁtidn,-ﬁrovided the effect is taken into account. However, detailed
informgtion-can not be obtained until more is known about the atomicléiécesses
invol&éd, énd 6n‘how the pertﬁrbation is influenced by the variation béth in

magnitude and direction of the atomic spin J.



-18~ ' : , UCRL-18925

If I is large,
And J is small,
Then I can't be

Perturbed at all.
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© Table 1

Ihtensity ratios and perturbation factors for erbium nuclei recoiling in vacuum.

w(o°)/w(90°) from

. Er - Meaha)‘ b
nuclide Trans- Y 1life, Leéad backed Self supporting G2 )
mass no. -ition - kev Ps . target:

156 - 2-0 399.k k7.9 1.51 % 0.03 1.11% 0.02  0.23 % 0.0k
42 452.9 7.83 1.50 * 0.03 1.37 * 0.0k  0.73°% 0.08
6=k 543.2 1.65 1.56 £ 0.05 —_— -—

B Unperturbed Average 1.52 £ 0.02 '

158 2-0 192.7  433.  1.39 % 0.02%) 1.03 % 0.02  0.07 * 0.05
Lo 355.7 20.8 1.47 £ 0.03 1.22 % 0.02 0.47 = 0.04
6-k 433.8 Lok 1.51 % 0.04 1.46 % 0.0k 0.93 * 0.08
8-6 523.8 1.75 1.58 * 0.06 L — —

Unperturbed Average 1.49 = 0.02
160 2-0 126.2 1330. 1.12 * 0.02°%) ) 4y
' h-2 264.3  49.8  1.h2* 0.02 1.13% 0.02  0.31 * 0.05
6-4 - 376.3 7.77  1.h2 % 0.03 1.35* 0.02  0.82 * 0.05
8-6 beh.6 © 3.12  1.h7 t 0.03 1.46% 0.04  1.08 * 0.09
10-8 532.1 . 1.79 1.46 % 0.0k - —
Unperturbed Average 1.43 * 0.02 | '

)

®)

From Diamond g;_gg,h)..

G2 taken relative to the average unpertufbed anisotropy from each lead-

'baéked target.

?)Pertﬁrbed possibly due to magnetic interaction of Er in Pb. Not includéd in

unperfurbed avefage.
d)Nof inCluded in the analysis. The transition energy made the establishment
of true anisotropy difficult., and the long life of the state will in any case

give complete perturbation.
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Table 2

 UCRL-18925

Intensity ratios (W(45°)/W(90°)) and perturbation factors for the Coulomb

excitation of 150 20

Sm with ““Ne at 68 MeV, 334.0 keV 2 > 0 transition.

W(L45°)/W(90°) from lead backed target .

" from thin target

Expected full intensity ratio, feeding

from higher states and geometry
corrections taken into account

G2 attenuation factor from

experimental anisotropies

2
wT
¢

Aésumed g-factor from ref. 1

Hyperfine field

Average recoil energy of Sm nuclei

38

6.5 * 0.3
1.4h % 0.0k
6.8

0.k1 * 0.03 }
10 -1 &

(1.0 % 0.1) x 1007s )

1 0.32 £ 0.02

+

7 MG 2P)

23 MeV

&)Without the I-J dependence.

T, =3%1ps’).

v



Table 3

© Values of sze and X2 for fits to G, versus Tﬁ under different assumptions.

Average Average : - .b
o 5 5 108 o Separate nuclei )
Case - Assumption X w'T Xx10 ) g factor ) 156 158 160 Figure
' ¢ a a a
g ) g) g)

1 ‘v,Simple time dependence, .

full perturbation in 4.6 0.8 £ 0.2 0.24 £ 0.02 0.26 0.25 0.21 2

yrast region '
2 Simple time dependence,

perturbation in ground 2.0 1.hbt 0.2 0.34 * 0.02 0.k40 0.3k 0.26

band only ' '

!

3 -I-J dependence by cutoff : , <§

for I >J, J =38 1.5 1.5 £ 0.2 0.36 £ 0.03 0.40 0.36 0.31 1like 3 '
Ya  I-J dependence as curve

B, fig. L, J =3 1.6 1.7+ 0.3 °~ 0.37 % 0.03 0.39 0.37 0.34 3

b g, =6 4 5.8+ 1.0  0.63% 0.05
c » JO'= 1 3 0.8 £ 0.2 0.28 £ 0.03

5 I-J dependence as

exp (—QI/JO), J, =12 1.8 . 1.9% 0.3 0.40 * 0.03 0.42 0.39 0.39

®)Obtained with ngc = (1.16 x (HgTC)Sm), at an Fr recoil energy of 28 MeV. Ref. Sect. k.1,
150

+ o , . :
Caseés L and 5 corrected for K(I,J) of the I=2' state - m. - (Case La, 0.97; Case 5, 0.72) Case

Lka taken as a representative average.

§868T*EHDH

b . :
)Individual errors approx. 15%.
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Figure Captions

. 1. Typical gamma-ray spectra from a Sn(hOAr,hn)Er reaction, observed

with 6.3 cm3 Ge(Li) detectors at 4.5 cm from the target.

2. Perturbation factors, G2, for transitions in the ground bands of
156’158’160Er recoiling in lead and in vacuum, plotted against the mean life
of the emitting level. The lines are drawn through the calculated points
only, and do not give the variation of perturbation with mean life, as this
depends on the mean lives of the previous‘transitions in the cascade. The
fit is performed ﬁnder the assumption of a full perturbation taking pléce
during the entire decay cascade, including the yrast region.

3. Perturbation factors, G2, for transitiéns in the ground bands of

156,158,160

Er recoiling in lead and in vacuum, as in fig. 2 but for the

assumption of an I-J dependent perturbation (case La, table 3). The lines .-

drawn through the calculated points have the same significance és'iﬁ;f}gAHQ;

4. The effective reduction of the perturbation for different cases of I-J

dependence. A: The effective decrease in the hard-core perturbation for a

free atomls) compared with the hard-core value for a randomly oriented, static

field. B: An example of a possible K(I,J) variation in a time—dependent
case (case b4, table 3). In this case J represents the mean value, JO,

of the J distribution.

»
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This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or
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process disclosed in this report.
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such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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